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APPARATUS AND METHOD FOR HEATING FLUmS 



Background of the Invention. 

The invention relates generally to the heating of liquids, and 
specifically to those devices wherein rotating elements are employed to 
generate heat in the liquid passing through them. 

Of the various configurations that have been tried in the past, types 
employing rotors or other rotating members are known, one being the 
Perkins liquid heating apparatus disclosed in U.S. Patent No. 4,424,797. 
Perkins employs a rotating cylindrical rotor inside a static housing and 
where fluid entering at one end of the housing navigates throu^ the annular 
clearance existing between the rotor and the housing to exit the housing at 
the opposite end. TTie fluid is arranged to navigate this annular clearance 
between static and non-static fluid boundary guiding surfaces, and Perkins 
relies principally on the shearing effect in the liquid, causing it to heat up. 

' An example of a frictional method for producing heat for warming a 
fluid is the' Newman apparatus disclosed in U.S. Patent No. 5,392,737. 
Newman employs conical friction surfaces in order to generate heat, the 
generated heat passing into a fluid reservoir surrounding the intemal, 
elements of the device, and where the friction surfaces are engaged together 
by a spring and adjustment in the compression of the spring controls the 
amoimt of frictional mbbing that takes place. 



Such prior attempts at producing heat have suffered for a variety of 
reasons, for instance, poor performance during operation, and the 
' requirement of complicated and expensive components. Scale build-up is 
anot her cost facto r should s ubsequent tear down and refurbishment be then 
needed. Similarly, because jfriction materials eventually wear out, they must 
from time-to-time be replaced. 

. A modem day successor to Perkins is shown in U.S. Patent No. 
5,188,090 to James Griggs. Like Perkins, the Griggs machine employs a 
rotating cylindrical rotor inside a static housing and where fluid entering at 
one end of the housing navigates past the annular clearance existing between 
the rotor and the housing to exit the housing at the opposite end. The device 
of Griggs has been demonstrated to be an effective apparatus for the heating 
of water and is imusual in that it employs a number of surface irregularities 
on the cylindrical surface of the rotor. Such surface irregularities on the rotor 
seem to produce an effect quite different than the forementioned fluid 
shearing of the Perkins machine, and which Griggs calls hydrodynamically 
induced cavitation. Also known as the phenomena of water hammer in pipes, 
the ability of being able to create harmless caviation implosions inside a 
machine without causing the premature destruction of the machine is 
paramount These surface irregularities in Griggs are in the form of radially 
drilled holes over the length of the cylindrical rotor. The Griggs machine has 
been shown to work well and is currently imovvni to be used in a number of 



so many radial holes. Were it possible to have fewer number of holes in the 
rotor, worthwhile advantage would be gained. 

An important consideration, especially in Griggs, is the protection of 
bearings and seals against deterioration caused by high temperatures and 
pressures in the fluid entering and exiting the machine. In the case of Griggs, 
separate detachable bearing/seal units are deployed, externally attached to 
the mtain housing surrounding the rotor in order to space the bearing and seal 
members well away from the clearance surrounding the rotor. The 
requirement for such detachable bearing/seal units may increase expense and 
complication and there therefore is a need for a new solution whereby the 
effects of high temperatures and pressures are less harmful to such bearings 
and seals. 

The present invention seeks to alleviate or overcome some or all of 
the above mentioned disadvantages of earlier machines, in a device that is 
relatively simple to implement, preferably with fewer component parts, and 
or requiring fewer machining operations. For certain applications, there may 
be advantage throu^ the deployment of deeper holes in the rotor, as 
compared to the depth of holes taught by Griggs, for improved shock wave 
transmissions from the cavitiation implosion zones to maximum power 
efficiency in performance. As well as by keeping comphcation to a 
minimum and avoiding expensive and time-consuming machining 
operations, there would be further advantage if the occurence of the 
cavitational effect on the liquid through water hammer could be generated in 
openings that are cast in the rotor rather than machined conventionally, or 



whereby other changes can be incorporated in the rotor to compensate for 
having fewer holes. 



Summary of the Invention 



It is therefore an object of the present invention to provide a new and 
improved mechanical heat generator and method of generating heat that 
addresses the above needs. 

A principal object of the present invention is to provide a novel form 
of water heater steam generator apparatus capable of producing heat at a 
high yield with reference to the energy input. It is a still further object of the 
invention to provide a method for doing so. 

It is a still further object of the invention to alleviate or overcome 
some or all of the above described disadvantages of earlier devices for 
generating an improved shock wave by the cavitiation implosion zones to 
maximum power efficiency in performance. 

It is therefore a preferred feature of tlie invention that the entry point 
for the fluid entering the machine, is close to the center conincident with the 
axis of rotation of theLrotor^The. fluid, on entering the central chamber of the 
machine and coming into contact with the revolving rotor, is rapidly 
propelled radially outwards in a g»=ner3ily spiral padi, until redirected by the 



in the annular clearance, due to the shearing effect on the fluid between 
static and dynamic opposing boundary surfaces, the amount of heat created 
this way is likely to be quite small. Without the formation of a nxmiber 
openings or depressions formed on Ihe rotor surface, the fluid would ride 
through the annular clearance without any influence from cavitation or the 
effect of water hammer taking place. 

It is therefore an important feature of this invention to include the 
deployment of numerous openings or cavitation inducing depression zones 
on at least the surface of the rotor, deployed preferably, over several rows 
along this surface. Although it is a preferable feature of this invention to 
position a peripheral exit passage in the housing for the heated fluid in a 
location radially outwardly of the annular clearance, the exit passage may 
alternatively be poistioned radially inwardly of the annular clearance to be 
adjacent the flanking wall of the rotor. With respect to Griggs, the fluid 
enters and exits the internal chamber are both positioned radially inwards of 
the annular heat generating working chamber, and it should be noted that 
may of the features of this invention may still be used to good effect were 
the entry and exit passages positioned as in Griggs. 

As the fluid rides over each opening or depression zone in turn, it is 
squeezed and expanded by the yacuum pressure conditions occuring in the 
zone, and the condition of cavitation together with accompanying shock 
wave behaviour as it traverses across the surface of the rotor liberates a 
release of heat energy into the fluid. Although natural forces such as 
cavitation vortices are known to occur in nature, the forces to be generated 
in the present invention are usually viewed as an undesirable consequence in 
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man-made appliances. Such destructive forces, in tihie form of cavitation 
bubbles of vacuum pressure, are purposely arranged to implode within 
locations in the device where they can do no destructive harm to the 
structure or material integrity of the machine. In this respect, this invention 
discloses the^use of op enings or de pression^one in th e for m of holes of 
different depths and angles towards broadening the occurance in the number 
and range of resonant frequencies for an additional influence in the 
formation of cavitation bubbles. In another respect, certain rotor types are 
disclosed with a minimum number of deep drilled holes per row. In the most 
extreme case in this regard, the present invention also describes a rotor 
manfactured as a casting. A cast rotor has the advantage over fully 
machined rotors in that the generally time consuming, and therefore most 
costly, drilling operations normally required for such holes, operating as 
openings or depression zxjnes in the rotor, are eliminated. By casting, the 
shapes for the openings or depression zones can be included. 

It is an aspect of this invention to be able to rapidly and successively 
alter and disrupt tihie path of fluid flowing between the rotating and stationary 
elements in the annular clearance, such that the deployment of openings or 
depression zones on the surface of the rotor acts to divert a quantity of the 
passing fluid into said openuigs or depression zones for the formation of 
cavitation vortices and their attendant shock waves and water hammer 
effects. The fluid once subjected to water hammer returns back to the 
annular passage with an increase in temperature and this continues in a 
continnouc- -oro^izz uiitil ih;- fluid ^vcntu^lv rsachzi: thz z:±. v:izzzjiz(vt' of 



some or all of such individual heating chambers may be deeper in depth than 
deployed previously for the creation of an amplified cavitational effect by 
the device. 

In one form thereof, the invention is embodied as an apparatus for the 
heating of a liquid such as water, comprising a static housing having a main 
chamber. A central member is located in the chamber and provided with an 
outer surface and the chamber is provided with an inner surface radially 
spaced apart such that these surfaces confront eacjh other without touching 
so thereby defining an annular fluid volume between them. A fluid inlet is 
arrange to. communicate with the annular fluid volume nearer one end of 
the chamber and where a fluid outlet is arranged to communicate with the 
annular fluid volume nearer the opposite end of the chamber. These surfaces 
may be positioned to be parallel with respect of the longitudinal axis of the 
machine or altemateively, at least one of these surfaces may be angularly 
mchned with respect to this axis. A drive shaft having a longitudmal axis of 
rotation rotatably supported in said housing and drivingly connected to said 
rotor for imparting mechanical energy to said rotor assembly. The fluid mlet 
connection is preferably disposed near to said longitudinal axis whereas the 
fluid outlet connection is preferably disposed radially outwardly of said 
rotor. Rotation of said rotor acts in causing fluid to move outwardly from 
said fluid inlet connection and the fluid trasverses across and along the 
annular clearance towards the fluid outlet connection, and wherein said rotor 
includes a series of openings, preferably arranged in rows, facing towards 
the surrounding interior surface of the chamber formed by the housing, and 
the fluid, ais it passes a multitude of cavitiation implosion cavities is caused 
to heat up during its frairisit. 
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Mains water pressure or the source tank be situated above the height 
of the device can be used to provide the device with water at the inlet 
connection.' 

Other and further important objects and advantages will become 
apparent from the disclosures set out in the following specification and 
accompanying drawings. 

Brief Description of the Drawings 

The above mentioned and other novel features and objects of the 
invention, and the manner of attaining them, may be performed in various 
ways and will now be described by way of examples with reference to the 
accompanying drawings, in which : 

Figure 1 is a longitudinal exterior view of the heat generating device 
in according to the present invention. 

Figure 1 is an exterior end view of the heat generating device taken 
on the left side of Fig. 1 . 

Figure 3 is a longitudinal sectional view of the heat generating device 
of Fig. 1 according to the first embodiment of the present invention 



Figure 4 is a longitudinal sectional view of the heat generating device 
of Fig. 1. according to the first embodiment of the present invention 
deploying a rotor where the openings or depression zones are included, the 
openings or depression zones displayed in the form of drilled holes, said 
holes being arranged in three rows by way of example. 

Figure 5 is a transverse sectional view of the device taken along line I- 
I in Fig. 4. 

Figure 6 is exclusively an enlarged view of the section of the rotor of 
Fig. 5 and where the openings or depression zones are displayed in the form 
of drilled holes. 

. Figure 7 is exclusively a sectional view for a modified rotor depicting 
drilled holes which are partially inclined with respect to the center of ther 
rotor. 

Figure 8 is exclusively a further sectional view for a modified rotor 
depicting drilled holes which are more pronouncely inclined with respect to 
the center of ther rotor. 

Figure 9 is a plane view of a modified rotor. 

Figure 10 is a sectional view at section II-II in Fig. 9 depicting a first 
row of four deeply drilled holes and where each .hole is arranged 
perpendicular to adjacently positioned deeply drilled holes. 
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Figure 1 1 is a sectional view at section III-III in Fig. 9 depicting a 
second row of four deeply drilled holes and where each hole is arranged 
perpendicular to adjacently positioned deeply drilled holes. 

Eigure_lZ_is- a secti onal view at section IV-IV in Fig. 9 depicting a 



third adjacent row of four deeply drilled holes residing adjacent said second 
row of Fig. 11. 

Figure 13 is a plane view of a modified rotor having a single row 
having holes drilled at an oblique angle. 

Figure 14 is a sectional view at V-V in Fig. 13 showing one of the 
four deeply drilled holes is angled towards one end of the rotor. 

Figure 15 is exclusively a sectional view for a still further modified 
rotor to illustrate that such deeply drilled holes in any or all rows may have 
variable depth. 

Figure 16 is exclusively a sectional view for a still further modified 
rotor to illustrate that such deeply drilled holes may be interconnected. 

Figure 17 is exclusively a sectional view for a still further modified 
rotor' to illustrate that such deeply drilled holes may be interconnected with 

ao-addinonal set of relatively shallow depth holes. 
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• Figure 18 is exclusively a sectional view of a still further modified 
rotor to illustrate that openings or depression zones may be formed in a 
casting. 

Figure 19 is a longitudinal sectional view of the heat generating 
device of Fig. 1. where three rows of openings or depression zones are cast 
in the rotor by way of example. 

Figure 20 depicts the cast rotor of Fig. 18 as two separate but identical 
halves. 

Figure 21 is a longitudinal sectional view of the heat generating 
device of Fig. 1. according to a second embodiment of the present invention, 
deploying a rotor having a 3 degree male tapered cylindrical shape for use in 
conjunction with a modified central housing sleeve have a complementary 
female tapered cylindrical bore. 

Figure 22 is a lon^tudinal sectional view of the heat generating 
device of Fig. 1 . according to a third embodiment of the present invention, 
deploying a one-piece rotor and shaft component with axial feed port, the 
outer surface of the rotor being identically tapered in shape as Fig. 21. 

Figure 23 is a longitudinal sectional view of the heat generating 
device of Fig. 1. according to a fourth embodiment of the present invention, 
and where the shape of the rotor includes a 3 degree taper which is opposite 
in the direction to the inclined rotor of Figs. 21 and 22. 



II 



12 

"Detailed Description of the First Illustrative Embodiment of the 
■ Invention 



Referring to Figs. 1 and 2, the external appearance of device shows a 
housing structure comprising three elements : a rear housing member 1 ; a 



front housing member 2; a central sleeve housing member 3; and where four 
screws 4 are arranged to engage members 1, 2 together with member 3 
thereby sandwiched inbetween. Drive shaft 5 is shown protruding out from 
front housing member 2 in Fig. 1. The rear view of housing member 1 in 
Fig. 2 shows threaded fluid intake connection 10 and well as four fluid ports 
11 which become more clearly depicted with reference to Fig. 3. The 
threaded fluid intake connection 10 is shown rather in diameter in order for ^ 
access to be obtained for a drill in order that fluid ports 1 1 can be created. 
Later . embodiments show alternative porting in place of fluid ports 11 
. -. depicted here, and could if so deemed employ intakes of considerably 
smaller diametric sizing. 



The interior of the heat generating device an internal chamber largely 
occupied by a rotor 13 as shown in Fig.3., and where the rotor is fixed to 
drive-shaft 5. The rotor 13 depicted here has a plain outer surface with no 
surface detail. The outer diameter of the rotor 13 shown as 14 is sized 
accordingly to have a specifically sized working clearance between it and 
the inner diameter, shown as 15, of the sleeve housing member 3. This 
annular v/orldng clearance, alternatively termed annular fluid volume, is 
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18 at the opposite end of rotor 13, and this allows improved accesssability 
for fluid entering from ports 1 1 to reach the entrance of the annular working 
clearance 16, 

Drive-shaft 5 is supported in the housing by a pair of bearings, plain 
bearing 20 .disposed in rear housing member 1 and bearing 21 disposed 
adjacent rotary seal 22 in front housing member 2. Because plain bearing 20 
is positioned close to the fluid entry connection 10, it remains largely 
unaffected by any heat build-up in other areas of the device. The plain 
bearing 20 is preferably a steel backed PTFE lead lined composite bearing. 
Later embodiments of the invention could use a sealed ball bearing in place 
of plain bearing 20 once the space occupied by ports 11 is freed. As inner 
end of the drive shaft 5 protrudes towards fluid entry connection 10, unlike 
Griggs, there is no requirement for sealing the device at this side of the: 
housing. For purposes of convenience, the rotor unit 13 here described is a 
heat shrink fit on drive shaft 5. However, the rotor and drive-shaft could be 
manufactured as ' one-piece out of solid bar or a metal forging, or 
alternatively, be separate components connected together by a spline or other: 
connecting devices such as a key. Another point of detail is the inclusion of 
notch 19, shown in Fig. 5 which is shown located in rotor 3i but 
alternatively, could be located on the surface of drive-shaft 5. The notch 19 
is of sufficient length to communicate with respective axial clearances 17, 
18. 

. Rear housing-member 1 is provided with a register.25.on which one 
end 26 of housing sleeve member 3 is engaged, and similarly, front housing 
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member 2 has a similar register 27 on which the opposite end 28 of housing 
sleeve member 3 is engaged. Sealant or some form of robust sealing device 
is disposed between these joining surfaces to ensure there is no escape of 
fluid from the device. 

Housing sleeve member 3 is provided with a fluid exit connection 30 
which, preferably, is disposed radially outwardly from said rotor 13. All 
drawing embodiments, including Fig. 3, show respective fluid exit 
connection 30 in a false position in housing member 3, and in practice the 
exit connection 30 would be slightly displaced to avoid interference with 
bolts 4. 

Figure 4 depicts a rotor 13i formed with a plurality of openings in the 
form of radial holes arranged in three rows shown as row 31, 32 and 33. 
Although three rows are shown, the rotor may on occasion have just a single 
or double row of holes or for that matter, may have more rows than the three 
shown. 

Figure 5 is a section taken at I-I across row 33 in Figure 4 and depicts 
individual drilled holed denoted as 35, also also shown in the enlarged view ^ 
of the same rotor 1 3i in Figure 6. There are eighteeen such holes 35 for each 
respective row in the device, although if so desired, numbers as well as 
diametric size may be varied in each particular row. However, as in the 
example sho\^Ti. the holes in the first and third rov/s are in-phase whereas the 
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37 is shown on the surface of the rotor 13 i lying adjacent circumferential 
groove 38. Land 37 is important in that it prevents a direct path from holes 
35 and groove 38, in other words, the fluid can only travel fiuther along the 
annular clearance gap before entering groove 38 and exit 30. Therefore, 
groove 38 operates in the collection of heated liquid once it has creased 
passing over all the various holes and other, if used, surface deatail, in the 
passage through the annular clearance gap, and groove 38 is positioned to be 
in-phase with exit passage connection 30. A flirther short length of sealing 
land, denoted as 39, on the surface of rotor 13i, is provided in order to limit 
to a small amount any leakage of heated fluid entering axial clearance 18. In 
this respect, sealing land 39 may be formed as a step on said rotor surface 14 
in order to be closer in position to said interior surface 15 of sleeve housing 
element 3. Depicted also is a short length of sealing land 40 on the surface of 
rotor 13i positioned between axial clearance 17 and the first row of holes 31. 

In operation, a prime mover for providing mechanical power to the : 
device, for instance such as an electric motor, drives the device via drive 
shaft 5, and as a result, rotor 13 rotates at equal speed to said prime mover. 
Fluid entering the device through inlet 10 is directed through ports 11 to 
axial clearance 17 from where the general disturbance by the rotating rotor 
13 propells the fluid radially outwardly towards entry to the annular 
clearance gap 16 between rotor circumferential surface 14 and the interior 15 
of sleeve housing member 3. As the fluid moves in the annular fluid volume 
and interacts with the openings/depression zones, shown by the various rows 
of holes 31, 32, 33, in a direction ultimately towards groove 38, heat- 
generating cavitation conditions are experienced, and the heat energy 
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imparted in the fluid is outputed jfrom the device as the fluid exits the device 
through exit connection 30- 

The device may be fiirthe^ modified, if required, to allow the 

^iHfegjjwtion,foxJSamBk^ 
spring loaded silicon carbide face bearing operating directly against the end 
face of rotor 13. 

Although the embodiments djescribed above rely on a circumferencial 
groove 38 formed in the rotor 13 for the collection of the heated liquid or gas 
about the rotor 13, the groovl' or similar could alternatively be formed in the 
interior 15 of the sleeve housing member 3. Alternatively, the device can be 
adapted to include axial end porting wherein the fluid exit connection would 
be served by a duct positioned in front housing member 2 and axially 
adjacent the rotor 13. 

Figures 7 to 17 disclose a number of alternative forms of hole 
configuration for the rotor 1 3 that can be used in place of those holes already 
described and shown as holes 35 in rotor 13i of Fig. 6. 

In Figure 7, holes 35i are inclined along axis denoted as 45 with 
respect to the center of the rotor 13ii denoted as numeral 46 and directional 
rotation of rotor 13ii shown by arrow 50. In Figure 8, holes 35ii are more 

pronounceh/ inclmed dong a:ds denoted as 47 vvirh respect to the center of 
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It is considered that the angled holes here depicted in both Figures 7 
and 8 enhance the tendency for cavitation to occur within respective holes, 
although not strictly analogous, swept wings in supersonic aircraft are a 
significant advantage during high speed flight. 

With respect to Figures 9 to 12, the modified rotor depicted as 13iv is 
an example of a more economic rotor configuration. This may be achieved 
specifically by reducing the amount of machining time required to form all 
the various surface detail on the rotor. As such, whereas earlier rotor 
embodiments for illustration purposes only were deployed with eighteen 
hol6s per row for each rotor, in this modified form of rotor 13iv, only four 
deep drilled holes are required per row. These being shown as holes 55, 56, 
57 and 58 in Fig. 10. Preferably four fiirther openings, these being shallow 
pockets 60, "61, 62 and 63 are also present in the rotor 13iv and these are 
spaced at forty-five degrees to one another and approximately equi-spaced 
between each of the deeper holes 55, 56, 57, 58, this being the first row of 
holes in a rotor section. Fig. 11 is a section of rotor 13iv taken at the next 
adjacent row, this being the second row of holes, and here deep holes are 
denoted as 56i, 57i, 58i, 59i, and shallow pockets 60i,-61i, 62i, 63i. 
Similarly, Fig. 12 is a section of the rotor 13iv taken at the third row of 
holes, and here deep holes are denoted as 56ii, 57ii, 57ii, 59ii and shallow 
pockets as 60ii, 61ii, 62ii, 63 ii. 

Note that all holes and shallow pockets in the second row of holes 
displayed in Fig. 1 1 are indexed by forty-five degrees with respect to first 
and third rows of holes and shallow pockets. There may be fiirther or fewer 
rows of holes if so desired in the configuration chosen for the rotor, this 
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iintimately depending on the given application for the device and this 
flexibility is of course equally applicable to other embodiments of the 
present invention. 

Figures^ n being a 

single row rotor 13v, In the case where four deeply drilled holes are 
incorporated in this rotor as have already been described for the rotor of 
Figs* 9 to 12, in this case these four such deep holes, shown for example as 
hole 65, have been drilled at oblique angle a direction towards the end 66 of 
the rotor 13 v. Shallow pockets 67, 68 are identical to the four shallow 
pockets 60, 61, 62, 63 present in the rotor 13iv of Figs. 9-12. The deep holes 
of that earlier rotor were of a depth shown here in Fig. 14 by the dotted line 
69. By angling hole 65 towards the end 66 of the rotor 13v, it is possible for 
the hole to be slightly deeper than dotted line 69. 

Furtheraiore, the depth of holes in a rotor may be varied to suit a 
particular application, and Fig. 15 illustrates an alternative rotor section 13vi 
where various depth of holes are deployed in a typical row of holes, here for 
instance shown as four holes 70, 71, 72, 73 of increasing depth. Just as a 
vibrating tuning fork held over over a glass cylinder can cause the column of 
air inside the cylinder to resonate at the same frequency when the depth of 
the cylinder is of the appropriate length, the holes of varying depth in this 
rotor may more readily have the right combination of frequency, wave form 
and ampli tude lo cause a furtlier excitation of the water molecules during the 



Figures 16 and 17 are further modified rotor sections to exemplify that 
any set of holes in any particular row of holes may be partially or fiilly 
interconnected to heighten the effect from shock waves during the operation 
of the device.. By way of example. Fig. 16 depicts rotor 13vii having deep 
holes 75, 76, 77, 78 which are interconnected by interconnecting passages 
80, 81, 82, 83. Although as shown, such passages 80, 81, 82, 83 are of 
reasonable size to ease the machining operation, they may also be sized 
much smaller so that they act as throtdes to limit the amout of fluid able to 
transit fi-om, for example, hole 76 to 75 or vice versa. 

As a further example. Fig. 17 depicts rotor 13viii where shallow 
pockets 85, 86, 87, 88 are also provided with interconnecting passages, here 
shown as 90, 91, 92, 93, such pockets 85, 86, 87, 88 have direct connection 
with Iheir most adjacent holes, here shown as holes 75 i, 76i, 77i, 78i, 
respectively. 

The previously described rotor confiigurations have relied on one type 
or another machining operation to produce the surface detail such as ttie 
openings/depression zones, most often by drilling holes. Because in most 
cases there are amultitude of such holes to be drilled, for certdn applications 
there would be an advantage if the drilling operation could be eliminated. A 
rotor produced from casting would be a cheaper alternative to a ftiUy 
machined rotor. The rotor depicted here as Figs. 18 to 20 is an example of a 
cast rotor, and for the sake of simplicity, only those components are 
substantially different to those ahready described for the earlier embodiment 
win be denoted with new reference numbers, and description is only 
necessary to show the main points of difference. 
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A section taken through a typical cast rotor denoted by reference 
numeral 100 is shown in Fig. 18 depicts one particular row of 
openings/depression zones. Numbers 101-116 designate each respective 

opejoij^^ 

opening 109 at the bottom of the rotor 100 is identical to opening 101 in 
respect that both have generally parallel sides with respect to axis. 125, 
shown as 117, 118 for opening 101 and 1 19, 120 for opening 109. 

In contrast, all other openings in this particular cast rotor, 102-108, 
and 110-116 are generally aligned with axis 126. Openings 115, 116, 101, 
102 and 103. in rotor 100 are visible in the heat generating device of Fig. 19. 

In Fig. 20, the rotor 100 is shown as separate identical halves 130, 131 
with respective joint surfaces 135, 136, which, once the two halves are 
together, are coincident with axis 125. 

Detailed Description of the Second Embodiment of the Invention 

This embodiment of the present invention, depicted in Fig. 21, differs 
in only two major respects from the previously described first embodiment, 
firstly, in that the fluid entry connection is now routed through a port in the 
drive-shaft drive and secondly, the exterior shape of the rotor as well as the 

opposing iiiierior shape in sleeve housing element" are both inclined with 
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• Rotor 150 fixed to drive shaft 5i is provided with a conical male 
exterior surface 151 and sleeve housing member 3i is provided with a 
complimentary opposing female conical surface 152. As shown, three rows 
comprising a series of openings or depression zones, here in the formed of 
drilled holes such as holes denoted by reference numerals 155, 156 are 
disposed in said rotor 150. Sleeve housing member 3i is provided with a 
fluid exit connection 30i whereas the entry connection lOi in rear housing 
member li in this embodiment is fluidly connected to axial clearance 17i at 
the smaller diameter end of rotor 150 by a port 160 provided in drive shaft 
5i. Note that axial clearance 18i is shorter in axial length than 17i on the 
opposite end of the tapered rotor 150, this also being the case in the earlier 
embodiments. - For purposes of illustration, it should be noted that the 
longitudinal axis of openings, depicted by hole 1 55, are inclined with respect 
to the longitudinal axis of drive-shaft 5i (by three degi-ees), whereas the 
longitudinal, axis of openmgs, depicted by hole 156, are arranged to be 
perpendicular to the longitudinal axis of drive-shaft 5i. Depicting both types 
of openings 155 and 156 on the same rotor unit is purely for convenience 
sake, as as a practical matter, the incorporation of both types of openings in 
the same rotor imit would make the component more expensive to 
manufacture. 

Detailed Description of the Third Embodiment of the Invention 

This emdodiment of the present invention, depicted in Fig. 22, differs 
in two main respects from the previously described second embodiment- 
Firstly, the relatively short inclined inlet port at the end of the drive shaft is 
here replaced by a a much longer longitudinal port in the form of a drilled 
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hole which connects with a relatively shorter drilled hole. Secondly, the inlet 
fluid enters the annular chamber between rotor and housing at the greater 
diametric dimensioned end of the rotor. 

the rotating component 175. The rotating component carries a plurality of 
openings 176 and includes a central longitudinal port 177 and radial port 
178. The fluid inlet connection lOii communicates through ports 177, 178 to 
axial clearance 170, and fluid entering axial clearance 180 flows past the 
various openings 176 in its transit through annular volume between rotating 
component 175 and housing sleeve 3ii. Once reaching circumferential fluid 
capturing groove 1 82, in this embodiment show formed in housing sleeve 3ii 
rather than on the surface of the rotor as in the earlier embodiments, the 
heated fluid is expelled from the device via fluid exit 30ii. 

Although the outer surface of the 179 rotating component 175 in this 
embodiment is shown with the same amount of angle as for the previous 
embodiment Fig. 18, the outer surface could equally be parallel cylindrical 
as shown in tihie first two embodiments of the invention. 

The flow over the outer surface of the rotor in this embodiment, is 
opposite in direction to the earlier embodiments, being nearer seal 22i at 
axial clearance 170 and moving in a direction towards axial clearance 180. 

For this reason, and in contraEt to "die earlier* enibodimenls, axial clearance 



: Detailed Description of the Fourth Embodiment of the Invention 

This emdodimfent of the present invention, depicted in Fig. 23, differs 
in one main respect from the previously described third embodiment, 
namely, the rotatinj^ component 190 comprising both the rotor and the drive 
shaft, is in this instahce, provided with an outer surface 191 which is tapered 
in the opposite direction to the inclined surfaces shown in the second and 
third embodiments. 

Rotating component 190 carries a plurality of openings 193 and 
includes a central lofigitudinal port 194 and radial port 195. The fluid inlet 
connection lOiii communicates through ports 194, 195 to axial clearance 
196, and fliiid entering axial clearance 196 flows past the various openings 
193 in its transit through annular volume between rotating component 190 
and housing sleeve 3iii. Once reaching circumferential fluid capturing 
groove 197, here reverted back to being located on the outer surface 191 of 
the rotating component 190, the heated fluid is expelled from the device via 
fluid exit 30iii^ 

Especially trud for both third and fourth embodiments, prior problems 
experienced with eaoier devices, such as susceptability to suffer from over- 
heated bearings or seals, is here of far less concem in that the relatively 
cooler fluid entering the device is communicated via ports in the rotating 
component to the axial clearance that lies adjacent the seal. In particular, 
embodiment four, has bearings 20, 21 as well placed as is seal 22ii, ie:', 'at a 
maximum distan6e from the hotest part of the device, namely adjacent exit 
connection 30iii. 
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While all embodiments hgve been shown operating with a fixed 
clearance gap, the annular chamber, between rotor and housing, those 
embodiments with inclined or tapered outer surfaces between rotor and 
.hausmg^HteiorJhavEe^Aebadd©^^ 

second embodiments, to be easily modified allowing the clearance gap to be 
varied, ie. increased or decreased to suit the application. When a rotor is 
given fi-eedom to move ajdally relative to the housing, the heat-shrink fit 
connection between drive-shaft and rotor or the one-piece rotating 
components described in embodiment four and five, would be replaced. For 
instance, by fitting a male spline on the drive-shaft and a female spline in the 
rotor, relative movement between the two would occur as the rotor is bodily 
shifted on the splines. 

/ 

/ 

Although all the embodiments/ here described rely on circumferencial 
grooves for the collection of the heated liquid or gas fi-om the outer surface 
of the rotor and axially displaced from the last adjacent rwo of openings, 
various advantages of the present invention could equally be applied with 
good effect to devices having axial end porting for fluid delivery. For 
instance, the fluid inlet could be arrange^ to directly communicate with the 
axial clerance to one side of the rotor. Similarly, various advantages of the 
present invention could equally be applied with good effect to devices where. 
the fluid inlet is offset from the longitudinal axis of rotation of the 
rotor/drive shaft. Wliile psrallel cylindrical rotcre have been described for 
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having ''only inclined confronting surfaces. Equally, the first embodiiment 
could be adpated to operate with rotors and housings having inclined 
confironting surfaces, or even where only one such surface is inclined, such 
that the opposing confironting surface remains parallel 6r differs slightly in 
the degree of taper firom the other surface. 

In practical terms, although the above described embodiments show 
the same sizing of openings or depressions zones for each row, it is not a 
requirement that they be so standardized. For instance, the rotor may be 
modified so that a first row of relatively small sized diameter openings with 
shallow depths is included, with the next adjacent row having openings of 
increased relative size, and so on, such that the outermost row of openings 
nearest the fluid exit connection encompass the largest sizing in diameter 
and depth. Typically, the range of sizes for diameter may range from 10 mm 
to 50 mm in a 450 'mm diameter rotor, although this diameter is not critical 
and may be varied. The diameter of the rotor itself may be/chosen at will 
depending on the desired application. Although depths may vary, standard 
depths for all rows of openings are to be preferred for a parallel rotor having 
drilled radial holes. However, diameters and depths may be chosen to suit 
each application and the degree of heat output required, whether it be hot 
water or steam, firom a particular machine in question. Typically, the depths 
of the opening will be greater than diameter, ie., from about 15/'mm to about 
280 mm, but it is to be understood that the depth of a given hole may lie in 
the same range as the diameter. While a circular shape of opening is ttie 
most economic shape to produce by drilling in a machined rotor, non 
circular cross-sections could also be used, for instance by an end mill 
curding tool which would also cut non-circular slots or notches over the 
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surface of the rotor. A slitting-saw tool or electro-chemical machining are 
other options although may prove too slow in practice. 

The annular clearance gap between the outer surface of the rotor and 
the confronting inner surface of the housing being the annular fluid volume 



tor the desired for influence by these openings/depression zones is sized in 
accordance with achieving the required heat output from the device. The gap 
is generally rather small in size, especially as a percentage compared to the 
diameter of the rotor, and most often is only a few millimeters. 

As used herein, the term "fluid heating" contemplates the heating of 
either liquids or gases, although in practice the heating of liquids will be 
more commonly performed. In the context of heating liquids, it will be 
expressly understood that the heating device and method according to the 
invention, include not only the generation of a hotter liquid, but also the 
phase transformation of the liquid into a gas. Therefore, the heat generating 
device and. method as described are also steam generators, wherein the 
difference between raising the temperature of a liquid versus generating a 
vapor phase of the liquid may be controlled by the speed of the rotation of 
the rotor and the design of the cavitatjon-inducing surface irregularities. 

Li accordance with the patent statutes, I have described the principles 
of construction and operation of my invention, and while I have 
endeavoured to set forth the best embodiments thereof, I desire to have it 

understood thai obvious changes may be made within the scope of the 



CLAIMS 

" 1. A fluid heating device comprising a housing having an internal 
chamber, a fluid inlet and a fluid outlet disposed in said housing and in fluid 
communication with said main chamber, a rotor mounted for rotation within 
said internal chamber about an axis of rotation, said housing having a tubular 
portion radially outwardly said rotor and a respective end portion axially 
outwardly said rotor, a drive shaft rotatably supported in said housing by a 
pair of bearings and extending into said intemal chamber for imparting 
mechanical energy to said rotor and where one of said pair of bearings is 
disposed in each said end portion respectively, a fluid seal disposed m said 
housing and residing in the other end portion to the end portion having said 
fluid inlet, said seal surrounding said drive shaft and said drive shaft 
extending past said seal and outwardly from one said end portion for 
receiving power input, 

said rotor comprising an outer surface confronting an inner surface of said 
tubular portion and defining an annular fluid volume, said fluid inlet 
communicating with said annular fluid volume and situated nearer a distal 
end of said rotor and said fluid outlet communicatijig with said annular fluid 
volume and situated nearer the proximate end of said rotor, 
said outer surface having a plurality of openings disposed on said outer 
surface, wherem rotation of said rotor causes said plurality of openings to 
impart heat-generating cavitation to a fluid entering said intemal chamber, 
and wherein said fluid outlet is disposed in said tubular portion. 



2. The fluid heating device according to claim 1 wherein said fluid 
inlet overlies said axis of rotation. 

3. liie fluid heating device according to claim 1, and further 
comprising at least one inlet port disposed in said h ou sing an d wherein said 
fluid inlet is in communication with said internal chamber via said at least 
one inlet port, said at least one inlet port disposed radially closer to said axis 
of rotation than said fluid outlet. 

4. The fluid heating device according to claim 3 wherein said at least 
one inlet port lies radially outwardly of one of said pair of bearings. 

5. The fluid heating device according to claim 4 wherein said at least 
one port has it longtudinal axis disposed patallel to said axis of rotation. 

6. • The fluid' heating device according to claim 1, and furtliei 
comprising at least one inlet port in said drive shaft disposed radially 
inwardly of one of said pair of bearings and wherein said fluid inlet is in 
communication with said internal chamber via said at least one inlet port, 
said at least one inlet port disposed radially closer to said axis of rotation 
than said fluid outlet. 

7. The fluid heating device according to claim 6 wherein said at least 
one inlet port has it longtudinal axis inclined with respect to said axis of 
rotation. 



rotation than said fluid outlet, and wherein said at least one inlet port has a 
longitudinal length exceeding the longitudinal length of said rotor. 

9. The fluid heating device, according to claim 1, and further 
comprising an internal circumferential fluid capturing groove disposed on 
said inner surface and positioned radially outwardly of said annular fluid 
volume and axially displaced from said openings, said fluid outlet disposed 
in said tubular portion and positioned radially outwardly of said 
circumferential fluid capturing groove and fluidly communicating with said 
circumferential fluid capturing groove. 

10. The fluid heating device according to claim 1, and further 
comprising an ihtemal circumferential fluid capturing groove disposed on 
said outer surface and positioned radially inwardly of said annular fluid 
volume and axially displaced from said openings, said fluid outlet disposed 
in said tubular portion and positioned radially outwardly of said, 
circumferential fluid capturing groove and fluidly communicating with said';" 
circumferential fluid capturing groove. 

11. The fluid heating device according to claim 1 wherein said tubular 
portion comprises one housing element, and where respective said end 
portions comprise second and third housing elements. 

12. The fluid heating device according to claim 1 wherein said tubular 
portion comprises a housing sleeve, and where respective end portions 
comprise rear* and -front housing covers;- said rear 'and front housing'xovers 
each provided with a circular register and said housing sleeve engaging 
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respective registers and clamped between said rear and front housing covers 
by a plurality of bolts. 

13. The fluid heating device according to claim 1 wherein said annular 
fluid volu me provides a unidirectional pathway for fluid entering said 
internal chamber via said fluid inlet to reach said fluid outiet, and said 
plurality of openings are disposed in a plurality of circumferential rows 
spaced about said rotor along the longitudinal axis of said rotor. 

14. The fluid heating device according to claim 13 wherein in at least 
one row of said openings are circumferentially spaced at uniform intervals. 

15. The fluid heating device according to claim 13 wherein m at least 
one row of said openings are circumferentially spaced at variable mtervals. 

... r. ..:^-^^.^^.^ Yhe fluid heatiag-Tlevice^eording to claim- 13- wherein -at least • 
one row of said openings are circumferentially displaced from any one other 
row of said openings. 

17. The fluid heating device according to claim 13 said rotor, 
comprises a casting, and where at least the greater proportion of said 
plurality of openings in said casting are aligned with respect to each otiier 
such that their longtidinal axes are parallelly disposed. 

18. The fluid heating device according to claim 13 wherein at least a 
proportion of said openings are formed as radial holes. longitudinal a::es 



19. The fluid heating device according to claim 13 wherein at least a 
proportion of said openings are formed as radial holes, the longitudinal axes 
of said radial holes offset from said axis of rotation. 

20. The fluid heating device according to claim 13 wherein at least a 
proportion of said openings are formed as blind radial holes, the longitudinal 
axes of said blind radial holes offset . from said axis of rotation, and where 
the bottom-end of said blind radial holes lags behind the top-end of said 
radial holes in the direction of rotor travel. 

21. The fluid heating device according to claim 13 wherein at least a 
proportion of said openings are formed as radial holes and where said radial 
holes have a depth dimension extending the radius dimension of said rotor. 

22. The fluid heatmg device according to claim 13 wherem at least^a^ 
proportion of said openings are formed as radial holes, the depth of at least a 
proportion of said radial holes extending in distance to a greater dimension 
than the radius dimension of said rotor and where said at least a proportion, 
said radial holes interconnect each other. 

23. The fluid heating device according to claim 13 wherein at least a 
proportion of said openings are formed as radial holes, the depth of at least a 
proportion of said radial holes extending in distance to a greater dimension 
than the radius dimension of said rotor and where said at least a proportion 
said radial holes interconnect each other forming a continuous pathway in 
s^d rotor for the transmission of Shock waves. 



24. A fluid heating device comprising a housing having an internal 
chamber, a fluid inlet and a fluid outlet disposed in said housing and in fluid 
communication with said main chamber, a rotor mounted for rotation within 
said internal chamber about an axis of rotation, said housing having a tubular 
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outwardly said rotor, a drive shaft rotatably supported in said housing by a 
pair of bearings and extending into said internal chamber for, imparting 
mechanical energy to said rotor, 

said rotor comprising an outer surface confronting an inner surface of said 
tubular portion and defining an annular fluid volume, said fluid inlet 
commimicating with said annular fluid volume and situated nearer a distal 
end of said rotor and said fluid outlet communicating with said annular fluid 
volume and situated nearer the proximate end of said rotor, 

said outer surface having a plurality of openings disposed on said 
outer surface and where at least a proportion of said openings are formed as 
radial holes, the longitudinal axes of said radial holes offset from said axis of 
rotation, wherein rotation of said rotor causes said plurality of openings to 
impart heat-generating cavitation to a fluid entering said internal chamber. 

25. The fluid heating device according to claim 24 wherein said radial 
holes have a depth dimension extending the radius dimension of said rotor. 

26. The fluid heating device according to claim 25 wherein said radial 
holes interconnect with each other. 
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28. The fluid heating device according to claim 27 wherein said radial 
holes have a depth dimension extending the radius dimension of said rotor 
and interconnect each other forming a continuous pathway in said rotor for 
the transmission of shock waves. 

29. The fluid heating device according to claim 25 wherein said radial 
holes are disposed in a plurality of circumferential rows spaced about said 
rotor along the longitudinal axis of said rotor. 

30. The fluid heating device according to claim 29 wherein at least 
one row of said radial holes are- circumferentially displaced from any one 
other row of said radial holes. 

31. The fluid heating device according to claim 24 wherein one of 
said pair of bearings-is disposed in each said end portion respeetively, afluid 

seal disposed in said housing and surrounding said drive shaft and said drive 
shaft extendmg past said seal and outwardly from one said end portion for 
receiving power input. 

32. The fluid heating device according to claim 24 wherein said 
tubular portion comprises a housing sleeve, and where respective end 
portions comprise rear and front housing covers, said rear and front housing 
covers each provided with a circular register and said housing sleeve 
engaging respective registers and clamped between said rear and front 
housingcoversby a plurality of bolts. .... 



33. A method of heating fluids, comprising causing a fluid to enter at 
.least one- inlet passage of a device comprising a housing having an internal 
chamber, a rotor mounted for rotation within said chamber about an axis of 
rotation, at least one inlet passage and at least one outlet passage formed in 

said axis of rotation than said at least one outlet passage, said rotor having an 
exterior surface disposed with at least one circumferential row of openings 
formed over a substantial part of said exterior surface and confronting a 
tubular interior of said housing to define an annular fluid volume, fluid 
entering said chamber, while rotating said rotor at a speed sufficient to cause 
said openings to impart heat-generating cavitation to a fluid entering said 
chamber. 

34. The method according to claim 33, wherein said device further 
• — compfrses- radialiy -cenfigu-red'-blind-^stoks - forming-said .Gavitation4nduGiTj§. — 

openmgs longitudinally displaced firom said axis of rotation towards the 
direction of. said rotor travel for the amplification of the caviatational effect 
created by said openings, and wherein said method further comprising 
causing fluid to be exposed to a greater magnitude of caviation by said 
openings to impart an increase in the level of heat-generating cavitation to a 
fluid entering said chamber. 

35. The method according to claim 34, wherein said device fiirther 
comprises radially configured holes forming said cavitation-inducing 
op^ran2£ longiiudinaU:/ displaced from said xiis of rotation tov/ards the 



and wherein said method further comprising causing fluid to be exposed 
transmission of shock waves in said openings to impart an increase m 
level of heat-generating cavitation to a fluid entering said chamber. 



ABSTRACT 



The apparatus has a housing with a main chamber in which a rotor is 

The housing has a fluid inlet ' and a fluid outlet, the fluid outlet 
communicating with an inlet region and a fluid outlet communicating with 
an exit region. The outer surface pf the rotor forais one boundary for the 
fluid heat generating region and is confronted by the inner surface of the 
main chamber which is the other boundary. The fluid inlet is positioned 
closer to the longtidinal axis of the machine as compared top the fluid exit. 
The rotor is provided with at least one array of cavitation inducing holes. 
Preferably, several rows of holes are configured on the rotor surface, some 
of which may have a depth dimension extending the radial width of the 
rotor. 
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